Study Design: Review.
Introduction
Cervical spondylotic myelopathy (CSM) is a progressive degenerative disease and is the most common cause of cervical spinal cord dysfunction.
1,2 CSM can be due to direct compression of the spinal cord, or surrounding blood vessels, resulting in varied clinical symptoms. Spondylosis has been shown as the most common etiology for cervical myelopathy in people aged 55 years or older. 3 The incidence of hospitalizations
Anatomical Considerations
In addition to acquired degenerative processes, congenital cervical spine stenosis is also widely recognized as a significant predisposing factor for developing CSM. Congenital cervical spine stenosis commonly occurs with short pedicles. Using measurements proposed by Pavlov et al, 9 congenital stenosis can be defined with radiographs when the canal diameter divided by the vertebral body diameter is less than 0.82. Bajwa et al 10 analyzed 1066 skeletal specimens with digital calipers and suggested that sagittal canal diameter <13 mm and interpedicular distance <23 mm is associated with the presence of cervical spine stenosis at all cervical spine levels. 10 Individual variability in the area of the cord avoids firm conclusions with these measurements; rather clinically relevant stenosis should be referenced to the size of the spinal cord. Further degenerative processes at the level of the intervertebral disc, facet joints, and capsules, ligamentum flavum can also increase canal encroachment.
Pathophysiology
The pathophysiology of CSM is multifactorial and its chronic nature likely induces compensatory mechanisms within the cord. From an anatomical standpoint, the cord is at risk of compression from protruding vertebral discs, deformed vertebral bodies, facet joint hypertrophy, osteophytic lesions, hypertrophic ligamentum flavum, and ossified posterior longitudinal ligament. These degenerative processes can result in static compression, and they can exacerbate compression of the spinal cord under dynamic movements. Ultimately, the static and dynamic compression may result in axonal stretchassociated injuries, spinal cord ischemia from vascular compression and venous congestion. 7 Experimental validation of cord ischemia in the setting of CSM is lacking. The pathophysiology of CSM is not fully explained with the aforementioned static and dynamic model. From a molecular standpoint, ischemia would result in cellular death via necrosis; however, neural cells have been observed to undergo apoptosis with CSM. 11 Emerging evidence from basic science studies has demonstrated an association between myelopathy and disruption of the blood-spinal cord barrier, acute and chronic neuroinflammation.
Clinical Presentation
CSM is the most common cause of nontraumatic spinal cord dysfunction and it often presents with a variety of subtle neurologic findings. Characteristic symptoms and signs can present insidiously and include the loss of manual dexterity in the hands, weakness, stiffness, increased urinary urgency, frequency or hesitancy, spasticity in extremities, and gait dysfunction including stiff or spastic gait (Table 1) . [12] [13] [14] While gait and balance disturbances from proximal lower extremity weakness are common early manifestations they are usually attributed to old age and has been reported to delay the diagnosis by 6 years. 15 Sensory findings often include proprioceptive loss and glove sensation loss in the hands, which could be confounded by diabetes mellitus or a concurrent peripheral neuropathy.
Upper motor neuron signs such as Hoffman's sign, inverted radial reflex, pathological clonus and Babinski's sign may also be present. The Hoffman's sign was described as quick flexion of both the thumb and index finger when the middle finger nail is snapped. Lhermitte's sign is an electric shock-like sensation that runs down the center of the patient's back and enters the limbs during flexion of the neck, which may be present in CSM or multiple sclerosis patients. Additional clinical tests can help delineate CSM-like symptoms, including Romberg's test, number of handgrip and releases, 9-hole peg test, timed gait, tandem gait, and the triangle step test. Rarely do severely affected individuals present with paralysis affecting bowel and bladder control.
Differential Diagnosis
The aforementioned presenting clinical symptoms and signs are not specific to CSM. Therefore, it is important to exclude other diagnoses that could present in a similar fashion. Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disorder that can be difficult to recognize due to overlapping demographics and clinical symptoms with CSM. There is a high incidence of spondylosis in patients at the mean age of onset (55.7 years) of ALS. 16 ALS can present with upper and lower motor neuron deficits, as well as cranial nerve deficits. The possibility of ALS should be considered in the evaluation of patients with weakness even in the presence of radiological findings. The presence of fasciculation on clinical examination and or the absence of sensory findings make the diagnosis ALS much more likely. Continued neurologic deterioration following surgical decompression should raise suspicion for ALS. An electromyography demonstrating a denervation pattern can serve as diagnostic evidence for ALS.
Other pathologies to include in the differential are a demyelinating process, tumor, trauma and normal pressure hydrocephalus. Guillain-Barré syndrome can present with a subacute onset of progressive weakness. Furthermore, absent reflexes and cranial nerve deficits makes GuillainBarré syndrome more likely. Gait and bladder dysfunction can be found in patients with normal pressure hydrocephalus. Additional cranial nerve abnormalities and/or a hyperactive jaw jerk reflex would suggest the presence of a brainstem or intracranial lesion. 2 Cognitive dysfunction can help differentiate normal pressure hydrocephalus from CSM. Imaging studies can be utilized to further differentiate CSM from most other pathologies.
Imaging
Computed tomography (CT) can give accurate assessment due to its superiority in evaluating bone. Myelography or intrathecal injection of a contrast agent can be used with CT imaging. However, this is not commonly used with the advent of magnetic resonance imaging (MRI), unless there is a contraindication to acquiring an MRI. An MRI of the cervical spine can serve as the initial test for patients with suspected CSM. High signal changes seen in the spinal cord with T2-weighted imaging can indicate permanent spinal cord damage or myelomalacia. MRI alone, has low sensitivity for detecting subtle spinal cord damage, especially in patients with chronic symptoms. 17 A meta-analysis of diffuse tensor imaging (DTI) studies of CSM patients demonstrated a significant reduction in fractional anisotropy and increase in apparent diffusion coefficient when compared with healthy subjects. 17 In the future, there may be an increasing role for DTI in differentiating CSM patients from healthy subjects.
Functional Scales
A variety of scales have been developed to assess and quantify the functional disability of patients with CSM. The two most commonly utilized scales in the U.S. are the Nurick grade (Table 2) 18 and the modified Japanese Orthopaedic Association (mJOA) scale (Table 3) . 19 The Nurick classification is a 6-grade ordinal scale that is primarily based on employment and gait impairment. The Nurick scale has been shown to have good correlation with the Japanese Orthopaedic Association (JOA) scale with high inter-and intrarater reliability; however, it has low sensitivity and responsiveness to change. 20 The original JOA was modified from grading the use of chopsticks (widely used in East Asian countries) to grading the use of a spoon (widely used in Western countries). 19 The JOA scales are multidimensional, and assess upper extremity dysfunction, lower extremity dysfunction, and bladder dysfunction in patients with CSM. The mJOA has been shown to strongly correlate with the JOA, 21 and the use of mJOA has 5 observed that SCI (12 in 1000 person-years) was more likely to develop in conservative management than the surgical group. In sum, these results suggest that mild CSM could be successfully treated with conservative measures for a significant number of patients. However, in select patients, deterioration can occur over time and these patients need to be closely followed for signs of neurologic decline.
Risk factors for poor prognosis in patients with CSM have included the severity of disability on presentation, age and the duration of symptoms. Radiological imaging has also been investigated as a prognostic tool. Two studies investigated intensity signals on MRI and while using the JOA as a functional grading scale. 28 Matsumoto et al 29 retrospectively examined increased signal intensity on T2-weighted images in 52 patients treated conservatively. The average follow-up was 3-years and the increased signal intensity was not found to be correlated to a poor outcome. 29 Shimomura et al 30 prospectively examined prognostic factors that exacerbate clinical symptoms of CSM in 56 patients after conservative treatment. Shimomura et al 30 found that 11/56 (19.6%) deteriorated to moderate or severe, but no statistical differences in JOA scores were observed after conservative treatment. The presence of a high T2 signal on sagittal MRI did not significantly affect the clinical condition; rather the only factor that was found to significantly exacerbate clinical symptoms was circumferential spinal cord compression at the maximum compression segment on axial MRI.
Conservative Versus Surgical Approach
Conservative treatments for CSM often include neck immobilization, pharmacologic treatments, lifestyle modifications, and physical modalities. There is a lack of high-level studies comparing these modalities to surgical intervention. Therefore, conservative therapies are often initiated based on a clinician's preference or specialty. Kadanka et al 31 conducted a randomized controlled trial to compare conservative and operative treatments of mild and moderate, nonprogressive, and slowly progressive forms of CSM (mJOA score >12) in 68 patients over 3 years. Randomization occurred by a coin toss and outcomes assessed included JOA score, 10-minute walk, score for daily activities recorded by video, at 6 to 36-month follow-up time points. The 3-year follow-up study did not show that surgery is superior to conservative treatment. Perhaps a longer follow-up period was needed to assess the differences. However, these results suggest that treatment of mild CSM may involve conservative therapy for the first 3 years after diagnosis.
Two comparative studies concluded that surgery was more favorable. Sampath et al 32 conducted a prospective multicenter questionnaire for 43 patients with mild CSM treated surgically 33 retrospectively compared patients with CSM elected to undergo either immediate surgical treatment (32 patients, JOA <13) or conservative care (69 patients, JOA >13). The authors found that surgically treated patients demonstrated greater improvements than the conservative group. Rhee et al 34 systematically reviewed the literature and concluded that there was low evidence that conservative treatment yield different outcomes than surgery in those with mild myelopathy. However, for moderate to severe myelopathy, conservative treatment had inferior outcomes versus surgery in retrospective studies, even though patients treated surgically were worse at baseline.
In a review of surgical indications for cervical myelopathy, Law et al 35 identified several poor prognostic factors with conservative treatment, which included the progression of symptoms, presence of myelopathy for more than 6 months, compression ratio approaching 0.4 (indicating flattening of the cord), and transverse area of the cord <40 mm. The presence of any of these factors can be an indication for surgical intervention. Many factors play a role in the decision-making process for surgical intervention, which include duration of symptoms, degree of spinal cord dysfunction, general health of the patient, degree of functional deterioration, and radiographic findings.
Surgical Prognostic Factors
The impact of preoperative radiological findings and age on the clinical outcome of CSM patients from surgical intervention has been investigated. Alafifi et al 36 retrospectively analyzed 76 patients with CSM that underwent cervical decompressive surgery with pre-and postoperative (2-4 months) MRI studies available for review. The authors examined pre-and postoperative MRI with outcome scores (Nurick scores; Odom's criteria). Alafifi et al 36 observed a less favorable surgical outcome with the presence of a low intramedullary signal on T1-weighted imaging, clonus and spasticity. The results suggest that surgical timing is important for optimal surgical outcomes in patients with CSM. Holly et al 37 retrospectively analyzed a cohort of 36 elderly patients (>75 years) and 34 younger patients (<65 years) that underwent decompressive surgery for CSM. The mean follow-up was 24 months. Both groups demonstrated significant improvements and the differences among the groups were not significant. Of note, postoperative complication rates were much higher in the elderly group (38% vs 6%). However, the authors reported that the complications were self-limiting and did not adversely affect neurological outcomes.
Anterior Versus Posterior or Combined
The optimal surgical approach is not always clear and has been under investigation over the past 30 years (Table 4 ). An anterior approach offers the following advantages: direct decompression of pathologies in the anterior cervical spine (ie, osteophytes, ossification of the posterior longitudinal ligament, disc herniations), a muscle sparing dissection to minimize postoperative pain, lower infection rates, the ability to decompress and correct cervical kyphosis, and for those with prominent radiculopathy. Most spine surgeons prefer an anterior approach when 1 to 2 levels are involved ( Figure 1 and Table 5 ).
3 When 3 or more levels are involved, the complication rates with an anterior approach rise and a posterior approach should be considered. If there is focal kyphosis and the compressive pathology is posterior, then a combined approach can also be considered. The posterior approach allows for a wider decompression and is dependent on the ability of the cord to drift away from anterior lesions. It is therefore important to take cervical sagittal alignment into consideration, as the cord may not drift posteriorly with significant cervical kyphosis.
The degree of kyphosis or lordosis can be quantitatively calculated by the sagittal cervical Cobb angle (in degrees). C2-C7 lordosis is measured as the angle of intersection between vertical lines drawn from lines parallel to the inferior end plates of C2 and C7. Shamji et al 38 prospectively analyzed the neurologic outcomes (mJOA, Nurick, Neck Disability Index) in 124 patients with CSM based on cervical sagittal Cobb angles. The authors found that lordotic patients exhibited similar improvement when approached anteriorly or posteriorly, whereas kyphotic patients exhibited greater improvement when approached by an anterior or combined approach. More recently, the cervical sagittal alignment, as assessed by the C2-C7 sagittal vertical axis (SVA, in mm displacement) has also been shown to play a major role in clinical outcomes (Figure 2 ). The cervical (C2-C7) SVA is measured as the deviation of the C2 plumb line from the posterior superior end plate of C7, and it has previously been shown to correlate with postoperative disability scores. 39 Tang et al 39 retrospectively analyzed 113 patients that underwent multilevel posterior cervical fusion for cervical stenosis, myelopathy, and kyphosis, and found a threshold of 40 mm where disability correlated the strongest with cervical SVA. Hardacker et al 40 previously demonstrated that cervical SVA from radiographic imaging of 100 adult volunteers with no neck or radicular arm symptoms had a cervical SVA of 16.8 + 11.2 mm. These measurements can help the spine surgeon to choose the approach for the optimal postoperative cervical sagittal alignment.
The current evidence is not clear on whether an anterior or posterior approach is superior; rather the sagittal alignment, number of pathological levels and degree of anterior or posterior compression dictates what would be the most direct approach for the decompression. Luo et al 41 systematically reviewed controlled trials that compared anterior and posterior approaches for patients with multilevel (3) CSM. The outcomes investigated included the recovery rate, JOA score, complication rate, reoperation rate, blood loss, operation time and length of stay. The authors included 10 comparative studies, which were rated high quality by the Newcastle-Ottawa scale. The subgroup meta-analysis demonstrated the following results: 24-month postoperative JOA score was significantly higher in the anterior surgery group, recovery rate between the groups were similar at 24 months, postoperative complication rate was significantly higher in the anterior surgery group, the reoperation rate was significantly higher in the anterior surgery group, the intraoperative blood loss and operation time was significantly higher in the anterior surgery group and the length of stay was significantly lower in the anterior surgery group. There was no apparent difference in the neurologic recovery and a definitive conclusion regarding which surgical approach is more effective for the treatment of multilevel CSM could not be made. Pooling the results from low-level studies with various surgical indications and technologies may have contributed to the clinical heterogeneity observed in their analysis. These findings are in line with previous investigations 3, 42 and may be clarified when the results from an ongoing multi-institutional randomized controlled trial (NCT02076113) are available. 43 
Methods of Anterior Decompression
Methods of anterior decompression include anterior cervical discectomy and fusion (ACDF), anterior cervical corpectomy and fusion (ACCF), hybrid procedures, and cervical arthroplasty (Tables 4 and 5) . Anterior approaches generally demonstrate lower perioperative complications and morbidity and tend to be performed on younger patients when compared to other approaches. 44 Clinical series have demonstrated successful arthrodesis in the majority of patients (92%-96%) after singlelevel ACDF with satisfactory clinical outcomes. 2 For compression at multiple levels, numerous options exist, including multilevel ACDF, corpectomy and hybrid techniques. While the rate of neurologic improvement remains high for multilevel ACDFs, the incidence of nonunion can increase with the number of levels being fused. Anterior cervical plating has increased the fusion rate, as Wang et al 45 demonstrated that the fusion rate for threelevel ACDF was 82% with plating and 63% without plating. An alternative method to improve fusion rates and provide a more a more extensive decompression would be to employ a corpectomy, which can also be combined with anterior discectomy procedures (see case 3). Combined anterior circumferential decompression and fusion techniques have been advocated for cases involving 3 or more segments, and the addition of a posterior segmental fusion can increase the rate of fusion and decrease the incidence of graft and implant-related problems. 2 Complications of anterior procedures can include postoperative dysphagia (2%-48%), hoarseness (temporary in 3%-11%, permanent in 0.33%), injury to the vertebral artery (0.03%) and carry an incidence of adjacent segment disease of 3% per year. 2 A potential lethal complication can include postoperative airway obstruction due to edema or hematoma formation; therefore patients with severe myelopathy are often kept intubated until appropriate weaning parameters are met.
The literature on arthroplasty for patients with myelopathy is limited. Hu et al 46 reported pooled the data of eight prospective randomized controlled trials investigating the outcome of ACDF and cervical disc arthroplasty for the treatment of 1-to 2-level CSM. With an overall follow-up of 2 to 7 years, the meta-analysis demonstrated that cervical arthroplasty group achieved significantly higher rates of overall success, longterm functional outcomes and a lower incidence of adjacent segment degeneration. However, patients with significant degenerative changes in the cervical spine may be better suited for surgical spinal stabilization with fusion to prevent further degenerative changes at the effected regions. These patients may not be ideal candidates for cervical arthroplasty, as the increased motion can exacerbate the degenerative changes. Instead, cervical arthroplasty could be reserved for patients with acute neurologic deficits due to a herniated disc. Higher quality clinical studies with longer follow-up are still needed to confirm the therapeutic value of arthroplasty in CSM.
Methods of Posterior Decompression
Posterior approaches offer the opportunity to avoid technical problems encountered with anterior approaches that result from obesity, a short neck, barrel chest, or previous anterior cervical surgery. Options for a posterior approach includes a laminoplasty or a laminectomy with or without fusion (Tables  4 and 5 ). The laminoplasty technique is often ideal for the patient with spinal stability, good cervical lordosis and minimal neck pain. In a retrospective analysis of outcomes of 11 patients who underwent laminoplasty for CSM, Suda et al 47 showed that as long as there is no local kyphosis of >13 and signal intensity change on MRI, laminoplasty can still produce good clinical outcomes.
The laminoplasty technique offers the opportunity to preserve some of the natural cervical biomechanical motion without necessitating fusion, but it comes at the expense of less extensive cord decompression. 48 Variations in the laminoplasty technique include the open door laminoplasty, the double door laminoplasty, and various muscle-sparing laminoplasty alterations. The open-door laminoplasty involves a thinned hinge on one side of the lamina, and a complete cut through the lamina on the opposite side. 48 The laminae on the open side can then be reconstructed with miniplates, anchored with a stitch between the spinous process and the hinged lamina, or plated open by fixing the open lamina with subsequent levels. The double-door laminoplasty expands the canal symmetrically as the opening is created in the midline. 49 This is accomplished by splitting the spinous processes in the midline with the left and right hemilaminae hinging on the laminaspinous process and ligamentum flavum complex bilaterally. Various musclesparing techniques (sparing semispinalis cervicis, multifidus, and C7 musculoligamentous attachments) have also been described with the aim to limit postoperative axial neck pain, kyphosis, and segmental instability. 50 Complications from the laminoplasty procedure can include delayed C5 nerve root injury (2%-13.3%), neck pain (40%-60%), loss of range of motion, (20%-50%) or new-onset kyphosis (2%-15%). 51, 52 Suk et al 53 prospectively investigated 85 patients that underwent a C3-C7 open door laminoplasty. At 2 years' follow-up, the authors found a 30.5% decrease in range of motion and 10.6% of patients developed kyphosis (average 12.2 ). 53 A recent meta-analysis pooled 2470 patients from studies that reported on various laminoplasty techniques during 2003-2013. 54 Duetzmann et al 54 found no significant difference in the preoperative 14.17 (+0.19 ) to postoperative 13.98 (+0.19 ) C2-C7 lordosis at a mean follow-up of 39 months. Of the various laminoplasty methods, the authors found decreased postoperative kyphosis in specific studies that employed posterior element sparing techniques. Duetzmann et al 54 also observed an overall mean of 47.3% loss of range of motion in 2390 patients. Compared with the laminectomy technique, the laminoplasty preserved the posterior tension band for greater stability. Matsunaga et al 55 retrospectively analyzed the cervical alignment of 64 patients who underwent laminoplasty and 37 patients who underwent laminectomy for CSM or ossification of the posterior longitudinal ligament. The authors reported that postoperative kyphosis or swan neck deformity is more common after laminectomy alone (34%) versus laminoplasty (7%) with a follow-up greater than 5 years.
In the past, a laminectomy alone was regarded as the standard treatment for multilevel CSM. Many surgeons still perform laminectomy only, but the incidence of postoperative kyphosis (6%-46%) and segmental instability (*18%) requiring additional stabilization has led many to believe that it is not a routinely advisable approach. 2, 3, [56] [57] [58] The differences in the range of postoperative kyphosis can be due to preoperative sagittal alignment and directly related to the extent of the laminectomy procedure (amount of lateral dissection, facet capsule disruption, etc). Segmental hypermobility of the cervical spine occurs when a foraminotomy involves resection of >50% of the facet. 59 Cervical laminectomy and fusion offers the advantage to stabilize the decompressed segment in a lordotic posture while preventing segmental instability, thereby allowing for a more expansive decompression. There is insufficient evidence to indicate whether the addition of cervical fixation improves functional outcome. 60 The addition of fixation also carries the risks of complications related to misplaced screws, long-term hardware failure, and the alteration of the natural cervical biomechanics distributed to adjacent levels.
Lee at al 58 systematically analyzed the outcomes from a variety of laminoplasty techniques to laminectomy and fusion on patients with multilevel CSM. The authors performed a metaanalysis that included 1 low-powered randomized controlled trial and 6 observational studies comprising of 302 patients treated with a laminoplasty technique, and 290 patients treated with laminectomy and fusion. The groups were matched by cervical lordosis and neck disability. Both groups similarly improved in their JOA score and VAS for neck pain. Both groups evenly lost cervical lordosis after treatment. The overall sagittal alignment progressed to kyphosis, regardless of the surgical method, and there was no substantial difference between the groups. In the subgroup analysis of 3 observational studies with follow-up periods of 18 months or more, the laminectomy and fusion group may have had superior results in preserving lordosis in the long term.
When the clinical scenario allows the opportunity, these general techniques can be further tailored to be less invasive. For example, skip laminectomy can be utilized to limit the disruption of the posterior cervical tension band. 61 By employing this method, decompression between C3-C7 can be accomplished by a C4 and C6 skip laminectomy to preserve the C3, C5, and C7 posterior arches as well as all the muscular attachments to those spinous processes. More recently, minimally invasive endoscopic approaches for posterior decompression have also been utilized for CSM. Minamide et al 62 retrospectively analyzed 51 patients that underwent endoscopic posterior decompression. With a mean follow-up of 20.3 months, the JOA score improved from 10.1 (+2.7) to 13.6 (+2.3) and the postoperative Cobb angle remained the same (6.7
). Among 51 patients, 4 complications occurred (1 compressive epidural hematoma that required operative evacuation), and the length of hospital stay was 8.6 days. Dahdaleh et al 63 retrospectively analyzed a case series of 10 patients that underwent endoscopic posterior decompression. The authors found an improvement in Nurick score from 1.6 + 0.7 to 0.3 + 0.7 with an average follow-up of 18.9 months. Albeit the power of the study was small, no postoperative worsening of the Cobb angle occurred, no complications occurred, and all patients were discharged within 2 days.
Case Illustrations of Cervical Decompression Techniques
The complexities in the decision making of the surgical approach can be illustrated with the following 3 case examples.
Case 1
A 60-year-old man who presented with progressive bilateral radiculopathy and left bicep weakness. His examination was significant for weakness in his biceps and with wrist extension. Imaging demonstrated multilevel advanced degenerative disc disease and loss of his cervical lordosis ( Figure 3A) . Recent MRI demonstrated worsening central and foraminal stenosis at C4-C7. The patient underwent an anterior cervical discectomy C4-C7 for decompression of central and bilateral foraminal stenosis ( Figure 3B ). The potential need for further surgery, including a posterior approach was discussed with the patient. No complications occurred during the operation, and the patient was back to his neurologic baseline.
Case 2
The right surgical approach is not always straightforward, and it is important to include patients in the decision-making process. A 44-year-old man presented with complaints of several months of worsening upper and lower extremity weakness, difficulty with hand function as well as balance difficulties. On examination, the patient had significant difficulty with tandem walking, 4þ/5 strength of bilateral upper and lower extremities, with Hoffman's bilaterally as well as several beats of clonus bilaterally. On MRI, diffuse cervical spondylosis with multilevel cervical stenosis due to a combination of disc and ligamentous hypertrophy, worse at C4-5 and C5-6 with going from the endplate of C5 to the endplate of T2. C2-C7 SVA is also more pronounced in this patient (white arrow).
moderate to severe stenosis at these levels with cord signal change ( Figure 4A ). The patient had good lordosis and denied significant neck pain; therefore, the decision was made to perform a posterior decompression with the laminoplasty technique. This was employed by creating a hinge on the left side to expose the ventral cortical bone and the open-door side of the laminoplasty was performed on the right side at the junction again of the lamina and lateral mass ( Figure 4B  and 4C) . No complications occurred during the operation, and on postoperative follow-up the patient had significant improvement in his balance and hand function.
Alternative methods of posterior decompression with fixation are also available.
Case 3
A 70-year-old man with a history of chronic renal failure presented with progressive neck pain and upper extremity weakness. On examination, the patient demonstrated significant bilateral weakness in his biceps, triceps, and handgrip. On imaging, the patient was noted to have severe stenosis at multiple levels, and vertebral body fractures and collapse of C4, C5, C6 vertebral bodies with corresponding kyphosis ( Figure 5A ). Given his comorbidities and progressive myelopathic symptoms, the patient opted for surgery. A combined anterior-posterior approach was employed in 2 stages, with the intent for the anterior approach to correct the overall kyphotic posture followed by posterior stabilization and further decompression ( Figure 5B and C) . Posterior stabilization of C2-T2 was warranted due to the requirement of a 3-level corpectomy and the patient being at high risk for pseudarthroses, given his osteoporosis. No complications occurred Lateral views of the cervical spine demonstrate vertebral body deformity, height loss, near complete loss of the disc spaces and endplate irregularity from C3-C6. Anterior osteophytes were also seen at all levels in the cervical spine. (C) Demonstrating cervical corpectomy at C4-C6 with graft placement at C3-C7 levels, and anterior plate fusion extending from C3 to C7. (D) MRI demonstrating postsurgical changes related to anterior cervical corpectomy at C4-C6 and anterior plate fusion from C3-C7. Subsequent decompression of the cervical spine at the operated levels was appreciated. (E) C2-T2 posterolateral fusion with rod and lateral mass and pedicle screw fixation, with lateral mass screws sparing the C4-C6 levels and pedicle screws in the thoracic levels.
during the operation, and the patient was back to his neurologic baseline.
It should be noted that there is a significantly higher rate of perioperative complications with anterior-posterior combined procedures when compared with when compared with anterior or posterior approaches alone. 44 In part this may be because combined procedures are generally indicated for patients with severe kyphosis, severe spinal instability, fixed kyphotic deformity, or complex pathology and associated comorbidities that require a more rigid construct. Combined procedures are more technically demanding, and can result in longer surgery time.
These case examples highlight the methods in choosing the approach by factoring in the location of spinal cord compression, number of levels involved, sagittal alignment, instability, associated axial neck pain, risk factors for pseudarthrosis, and patient comorbidities. However, these variables are frequently equivocal, and surgeon training and patient preference are often the deciding factor for treatment rendered.
Economic Analyses
Analysis of the cost-effectiveness of treatment approaches is also an important consideration. The outcome measure of quality-adjusted life year (QALY) is a product of both the quantity and quality of life gained by the intervention, and its reporting is recommended by the Panel of Cost-Effectiveness in Health and Medicine. 64 QALY is calculated as the change in HRQOL between 2 time points multiplied by the amount of time. Fehlings et al 65 analyzed the cost-utility measurement per QALY of treatment for 70 patients undergoing surgery for CSM at a single institution in Canada to represent a reasonable global median costing model. The authors found that the costutility ratio for CSM surgeries is $32 916/QALY, which is below the national benchmark to be considered highly costeffective. For reference to other medical treatments, US$/ QALY for other procedure include: cataract surgery 2020, hip replacement 6668, knee replacement 28 100 to 30 695, and gastric bypass surgery 35 600.
Conclusion
CSM is a major cause of disability, particular in elderly patients. Awareness and understanding of CSM is imperative to facilitate early diagnosis and management. Current static and dynamic models do not fully explain the mechanisms underlying CSM, and emerging research at the molecular level may help elucidate this. The clinical presentation and natural history of CSM is variable, alternating between quiescent and insidious to stepwise decline or rapid neurological deterioration. The use of diffusion MRI may hold some potential in diagnosing and treating spinal cord dysfunction earlier. For mild CSM, conservative options could be employed with careful observation. However, surgical intervention has shown to be superior for moderate to severe CSM. The success of operative or conservative management of CSM is multifactorial and high-quality studies are lacking. The optimal surgical approach is still under debate, and can vary depending on the location of the spinal cord compression, number of levels involved, sagittal alignment, instability, associated axial neck pain, risk factors for pseudarthrosis, and patient comorbidities. The goal of surgery is to decompress the cord with expansion of the spinal canal while restoring cervical lordosis and stabilizing when the risk of cervical kyphosis is high. Further high-quality randomized clinical studies with long-term follow up are still needed to further define the natural history and help predict the most ideal surgical strategy.
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